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A field study was carried out from 2003 to 2004 in order to determine the effect of different soil moisture 
regimes and water stress imposed throughout vegetative growth stages of Coker 347 (flue-cured) tobacco plant 
(Nicotiana tabacum L.). A randomized block design with five treatments and three replications was applied at Rasht 
Tobacco Research Station in Guilan provience, Iran. Treatments were 40, 60, 80 and 100% of total available water 
(TAW) and non irrigated (dryland farming) as a control. At the end of flowering stage, some traits which were related 
to yield and also quality characteristics of tobacco plants were measured. The combined analysis of variance showed 
that all the traits except number of leaves per plant, sugar percentage, and nicotine percentage were affected by TAW. 
The effect of year was significant on traits of yield components and quality treats due to the high precipitations in the 
second experimental year. Furthermore, the effect of year was no significant on the traits related to yield except for 
fresh leaf yield. However, the treatment of 40% of total available water (TAW1) was the best in fresh leaf yield, dry leaf 
yield, unit price and gross income in unit area. The non irrigated treatment (TAW0) was the lowest in fresh leaf yield, 
dry leaf yield, unit price and gross income in unit area. In addition the values of nicotine percentage and sugar to 
nicotine ratio for all of the treatments were higher and lower than their common levels, respectively. 
 






Guilan province which located by the south 
side of Caspian Sea in a coastal zone is considered 
one of the major tobacco producing area in Iran. 
This region has humid climate and 2303 hectare of 
its areas are under cultivation of tobacco plant. This 
province has the yield average of approximately 960 
kg ha-1 tobacco productions. This area has the first 
rank in cigarette manufacture industry between 
other countries in Middle East.  
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Farmers in this province tend to cultivate 
tobacco plant usually according to dryland farming. 
Water is involved in all plant growth processes of 
tobacco and continuous water supply is essential for 
high quality and quantity leaf yields [3]. Hence, 
occurrence of any unpredicted drought or water 
stress because of uneven rainfall distribution in 
some years may influence the crop productivity and 
may have harmful effects on cigarette industry in 
this area. Due to the scarcity of water in some areas 
of Guilan province for tobacco production has 
prompted sustainable agricultural development 
issues in irrigation water management. 
Gude [5] explained the advantages of 
adequate soil water content and appropriate 
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irrigation in tobacco production. One of the soil 
indices for setting irrigation time for most of the 
agricultural crops is comparison between the 
measured soil moisture with the minimum soil 
moisture content. Measurement of soil water 
potential by Tensiometer shows the best time for 
tobacco plant irrigation. Whitty and Chambliss [25] 
recommended that the best depth for Tensiometer 
within the soil is 15 centimeter. They also claimed 
that the best reading number of Tensiometer is about 
20 - 25 cbar for commencement of tobacco plant 
irrigation. Allen and Lambert [1] and McNee et al., 
[13] suggested that the depletion of soil moisture for 
tobacco plant approximately should be between 50 
to 55% for commencement of its irrigation. 
Soil water deficit and the effect of drought 
stress imposed on flue-cured tobacco plant have 
been evaluated by several researchers. Volodarskii 
[24] and Papenfus [18] reported that an imposition 
of drought period from 14 to 30 days after 
transplanting is beneficial in simulating root 
development. Wilkinson et al., [26] showed that 
water stress occurring at various growth stages of 
tobacco plant leads to yield decrease, leaf 
expansion, and dry matter accumulation, because of 
decreased vegetative growth. The tobacco plant is 
recognized as being most sensitive to soil moisture 
during the period of rapid growth following field 
establishment, and frequent irrigating is required to 
develop maximum leaf area and high yield [13]. 
Therefore, the availability of water in the soil profile 
during the later stages of plant growth may 
permanently affect development of the plant either 
in leaf yield or leaf quality. Hence, available water 
in the soil profile for tobacco when it is required has 
beneficial advantages for cultivation of this 
industrial plant. 
Despite the economic importance of Coker 
type of tobacco in northern Iran, there is limited 
study on the response of its growth, yield and 
quality to the decreasing of soil moisture content 
especially throughout its vegetative growth stages. 
One of the reasons for the scare information 
available is that high precipitation and vast water 
resources in this region were, until recently, 
considered a minor problem in tobacco growing 
area. Nowadays, however, the lack of water 
resources due to rapid growth of population and 
wide request for aquifer sources by civil, industrial, 
and agricultural activities is a growing concern in 
Guilan province. The present study was therefore, 
carried out with objectives to determine the effect of 
different soil moisture regimes including drought on 
yield, yield components, and quality traits of Coker 
347 flue - cured tobacco plant. Understanding the 
optimum level of soil moisture for the production of 
this important plant would help policy makers for 
the sustainable planning and management of the 
irrigation water. 
 
2. Material and Method 
 
Field trials were conducted on flue-cured 
tobacco plant (Nicotiana tabacum L.) Coker type 
cultivar 347 at the experimental farm of the Rasht 
Tobacco Research Station in Guilan provience of 
Iran (37º 16′ N, 49º 31′ E, and altitude: - 5 m) during 
2003 and 2004 years. The region according to 
Copen taxonomy has a very humid climate. It also 
has warm summers with an average annual rainfall 
of 1250 mm. The amounts of precipitations along 
the first and second cropping season were 
approximately 283 and 521.5 mm, respectively. 
Precipitation and temperature values were recorded 
using a weather station on experimental site during 
these two years as well as long-term averages (fig. 
1). Also, the precipitation and temperature data for 
Guilan Tobacco Research Center during the growth 
season of tobacco as decade period in two cropping 
seasons were recorded (tables 1 and 2). The second 
year (2004) was rainier than total yearly 
precipitation amount averages for a period of 33 
year. The first year (2003) was approximately 
similar to this average amount (fig. 1a). The second 
experimental year in throughout the tobacco growth 
was rainier than the precipitation amount of first 
experimental year (table 1). Therefore, the water 
stress throughout the first experimental year was 
more notable than the second experimental year. 
The temperature of both years was similar to the 
total yearly temperature amount averages for a 
period of 33 year (fig. 1b). The mean degree of 
temperature of each day throughout the tobacco 
growth of the first experimental year was about 1 °C 
more than the second experimental year as well 
(table 2). The soil of experimental site has a loamy 
sand texture. That is poor in organic matter and its 
saturated paste pH is 5.1. The experimental site in 
order to land preparation for tobacco cultivation in 
the autumn was ploughed at the depth of 30 
centimeter in both years. In the next May month of 
both years for soil pulverization, secondary plough 
was performed at the depth of 25 centimeter and 
clogs were broken into small pieces using disk 
method. After application of Eradican herbicide in 
the level of 5 liter per hectare (2:1000) a rotary was 
applied. During the early June of both years, 
seedlings of Coker 347 flue-cured tobacco cultivar 
were transplanted in experimental plots having 30 
m2 areas (5×6 m). The transplanting accomplished 
when the tobacco seedlings had the height of 
approximately 15 cm. A randomized block design 




with five treatments and three replications was 
applied in these plots. Each plot had 6 m length and 
was including of 6 cultivation rows having 100 cm 
distance between them [23]. Also, two marginal 
rows  as  borders  were  selected.   Treatments were  
 
 
40% of total available water (TAW1), 60% of total 
available water (TAW2), 80% of total available 
water (TAW3) and 100% of total available water 
(TAW4) and nonirrigated or dryland farming 
(TAW0) as a control. 
 
Table 1. Precipitation data at Ghilan Tobacco Research Center during the growth season of tobacco as decade period in 
two years of experiments in mm 
Amount of Precipitation (mm) 
April - May May - Jun June - July Year 
1.Dec. 2.Dec. 3.Dec. 1.Dec. 2.Dec. 3.Dec. 1.Dec. 2.Dec. 3.Dec 
2003 48 18 8 19 17 0 0 0 0 
2004 20.5 26 9 25.5 12.5 28.7 27.2 111.7 18 
 
Table 1 - continued 
Amount of Precipitation (mm) 
July - August August - September Year 
1.Dec 2.Dec. 3.Dec. 1.Dec. 2.Dec. 3.Dec. 
Sum of precipitation (mm) 
2003 10.5 0 9 28.5 63.5 61.5 283 




Table 2. Temperature data at Ghilan Tobacco Research Center during the growth season of tobacco as decade period in 
two years of experiments in °C 
Amount of Mean temperature (°C) 
April - May May - June June - July Year 
1.Dec. 2.Dec. 3.Dec. 1.Dec. 2.Dec. 3.Dec. 1.Dec. 2.Dec. 3.Dec 
2003 12 16.06 20.10 21.49 22.49 25.15 24.52 25.60 25.45 
2004 14.57 16.06 17.60 17.91 22.36 21.27 25.04 23.41 25.38 
 
Table 2 - continued 
Amount of Mean temperature (°C) 
July - August August - September Year 
1.Dec 2.Dec. 3.Dec. 1.Dec. 2.Dec. 3.Dec. 
Average of temperature (°C) 
2003 24.75 26.74 25.98 27.23 23.06 21.18 22.85 







Figure 1. The amount of precipitation (a) and temperature (b) in 2003 and 2004 years along with there 33-year average 



























































































































Soil water retention capacity or soil available 
water content (AWC) was then determined taking 
the difference between water retained at − 0.33 and 
− 15 bar (Equation 1) using pressure plate apparatus 
and then soil moisture characteristic curve was 
derived [10]. 
 
                   AW = (ӨFC  −  ӨPWP)                     (1) 
 
The time of irrigation was determined using 
a Tensiometer that was installed at the root 
development zone of tobacco plant (~ 20 cm depth) 
after its calibrations. When 40% of soil available 
water was depleted in the treatments, soil was 
irrigated to field capacity level. In this condition the 
reading numbers of Tensiometers were about 25 - 
30 cbar [1, 25]. Also, for measuring of irrigation 
time in low levels of soil matric potentials, gypsum 
blocks that had been buried in soil at the root 
development zone were used. Water needed for 
irrigation was supplied by means of a water 
container having capacity level of 8000 liter in 
present study. This container was nourished from a 
well having shallow depth. The amount of irrigated 
water was measured by water gage with 0.1 litter 
sensitivity as well. After transplanting tobacco 
plants, the soil moisture content was measured and 
irrigation started subsequent to its rapid growth. The 
following irrigation period was determined using 
Tensiometer and gypsum blocks by the soil 
moisture characteristic curve. Also, the level of 
water productivity (WP) was measured [16] 
(Equation 2): 
 
 WPirr = yield in irrigation condition per  
           hectare/water used in hectare                (2) 
  
In order to prevention from diseases such as 
Rhizoctonia, Blue mold and brown spots on the leaf 
surfaces, treatments were irrigated at the mornings. 
The first period of irrigation accomplished 
approximately 30 days after transplanting in both 
years due to simulating of root development and 
their better prevalence of roots into the soil. Cultural 
practices including fertilization with a compound 
fertilizer (N:P:K), adding of soil by the side of plant 
stems, and spraying against pestilences and diseases 
such as Agrotis throughout vegetative growth stages 
of flue-cured tobacco plant were performed. Leaves 
were harvested at four times in the first year and 
five times in the second year. The commencement 
of harvesting of tobacco in the first experimental 
year due the occurrence of precipitations at the final 
growth stages (Table 1) had delayed about 18 days 
compared with the second experimental year. Some 
important traits of tobacco plant at flowering stage 
including leaf length, leaf width, plant height, 
number of leaves, fresh leaf yield, dried leaf yield, 
unit price and gross income per unit area were 
measured. Quality traits such as sugar and nicotine 
percentage were also measured. In addition, the leaf 
area index (LAI) for tobacco plants was measured 
by (Equation 3): 
 
                LAI = a + b(W × L)                          (3)                                                                           
 
Where W and L denote the leaf width and 
length (cm) respectively, and a and b are the 
coefficients. This coefficients for Coker type of 
flue-cured tobacco plant were about a = 0.00057 
and b = 42.87, respectively [20]. The data obtained 
from field measurements and laboratory 
observations were subjected to an analysis of 
variance using SAS software and the Duncan mean 
separation test procedure was applied. 
 
3. Results and Discussions 
  
Yield. The combined analysis of variance 
showed that the effect of soil total available water 
for tobacco plants for all the traits related to yield 
was significant (p < 0.01). Also, the effect of year 
and interaction between year and different levels of 
soil moisture for tobacco plants for the trait of fresh 
leaf yield was significant (p < 0.01), while the year 
had no influence on the dry leaf yield. The unit price 
was not impressed by the year and interaction 
between year and different levels of soil moisture. 
The effect of year was no significant on the traits of 
dry leaf yield and gross income in unit area. The dry 
leaf yield and gross income in unit area were 
affected by the interaction between year and 
different levels of soil moisture (table 3). 
The interaction between year and levels of 
soil moisture indicated that in the second 
experimental year (2004) none of the soil total 
available water and no irrigation (dryland farming) 
had not influence on the fresh leaf yield, while in 
the first experimental year (2003) the treatments of 
100% total available water and no irrigation had 
significant effect (p < 0.05) on decreasing the fresh 
yield values (table 4). In the second year the 
precipitation level throughout the tobacco growth 
season, especially in vegetative growth of tobacco 
plant or its middle of growth, was more than the 
first experimental year (table 1). Therefore, this 
higher precipitation probably caused the effect of 
water stress become less notable on the fresh leaf 
yield mainly when the 100% of soil moister 
depleted or when the plants no irrigated. Whereas, 
in the first year due to the occurrence of drier 
condition in Guilan region the effect of water stress 




on the fresh leaf yield could showing itself very well 
in the this trait. The dry leaf yield was more 
influenced by the water stress compared with the 
fresh leaf yield. In the second experimental year the 
treatment of no irrigation had significant effect (p < 
0.05) on the dry leaf yield, while in the first 
experimental year the treatments of 60 and 80% of 
 
 
total available water were under influence of water 
drought. However, the lowest level of dry leaf yield 
was observed in the treatments of 100% total 
available water and no irrigation (dryland farming) 
(table 4). These observations can be explained by 
the drier condition that was occurred in the first 
experimental year.  
 
Table 3. Combined analysis of variance for yield traits in two years of experiments  
S.O.V. df. Leaf yield Fresh (kg ha-1) 






Year (Y) 1 31.6 × 106** 1325.80ns 1.86 × 102 ns 75269.2 × 102ns 
Rep / Year 4 333700.86 201127.27 26.073889 1164415.6 × 102 
TAW 4 100.8 × 106** 2.3 × 106** 12.9 × 102** 318724970 × 102** 
Y × TAW 4 64385455.4** 729271.91** 2.2 × 102 ns 59901273 × 102** 
Error 14 2844932.8 45089.96 1.05 × 102 7761705 × 102 
C.V.  (%)  9.48 9.29 14.38 16.30 
** p < 0.01 *; p < 0.05; p > 0.05 ns   
 
Table 4. Interaction between year and different levels of soil moisture on yield traits 
Treatments Leaf yield Fresh (kg ha-1) 




Gross income  
(Dollar ha-1) 
Y1×TAW1 23054.67a 3383.00a 0.876767 2955.31923a 
Y1×TAW2 21774.00a 2942.00b 0.861167 2531.05000a 
Y1×TAW3 20711.67a 2432.33b 0.655067 1566.58333b 
Y1×TAW4 9477.68b 1363.01d 0.543344 701.61702c 
Y1×TAW0 5886.25b 958.58d 0.414344 483.51385c 
Y2× TAW1 20300.00a 2618.33b 0.900867 2357.19867a 
Y2× TAW2 19055.00a 2459.67b 0.711733 1751.04687b 
Y2× TAW3 17391.00a 2140.00b 0.751067 1610.84800b 
Y2× TAW4 17521.33a 1992.00b 0.716767 1429.01617c 
Y2× TAW0 17455.33a 1939.00c 0.533100 1037.17460c 
Means, in each column, with similar letters are not significantly different at the 5% probability level using Duncan multiple range test  
 
The unit price was not impressed by the 
interaction between year and different levels of soil 
moisture. Also, the interaction between year and 
different levels of soil moisture for the trait of gross 
income in unit area was significant. The differences 
between treatments in each two experimental years 
were more pronounced for this trait compared with 
the other traits (table 4).  
The comparison of means for trait of fresh 
leaf yield showed that the treatments of 100% of 
total available water and no irrigation, having values 
of 13499.51 and 11677.79 kg ha-1 respectively, had 
the minimum production of fresh leaf. Hence, the 
effect of water stress in each two treatments was 
significant (p < 0.05). The water stress in the 
treatments of 100% of total available water and no 
irrigation reduced the level of yield for fresh leaf 
approximately 38 and 46% compared with the 
treatment of 40% of total available water 
respectively. Similar to the fresh leaf yield, the 
comparison of means for trait of dry leaf yield 
confirmed that the treatments of 100% of total 
available water and no irrigation had the minimum 
values for this trait. Also, the reduction of dry leaf 
yield for the treatments of 60 and 80% of total 
available water was significant compared with the 
treatment of 40% total available water. The unit 
price in the treatment of no irrigation having 
0.473722 Dollar kg-1 value reduced about 47% 
compared with the treatment of 40% total available 
water. Furthermore, there were not significant 
differences between the irrigation treatments for unit 
price while the treatment of no irrigation had 
significant effect on unit price. Moreover, the mean 
of two experimental years for gross income per 
hectare was similar to the trait of dry leaf yield. So 
that, the treatments of 40, 60, 80 and 100% of total 
available water along with no irrigation, reduced the 
values of this trait respectively (table 5). 
Yield components. The combined analysis of 
variance revealed that the effect of soil total 
available water and interaction between year and 
different levels of soil moisture for tobacco plants 
for all the traits related to yield components except 
number of leaves was significant (p < 0.01). Also, 
the effect of soil total available water and interaction 




between year and different levels of soil moisture 
for the quality traits was no significant. The effect of 
year for the traits of yield components and quality 
traits was significant that can be explained by the 
occurrence of more precipitations (table 1) in the 
second experimental year (table 6). 
The interaction between year and different 
levels of soil moisture showed that in the second 
experimental year (2004) none of the different levels 
of soil moisture and dry land farming had not 
influence on the leaf length and width, while in the 
first experimental year (2003) the treatments of 
100% total available water and no irrigation had  
significant effect on the leaf length values (p < 0.05) 
(table 7). In addition, the leaf width in the first 
experimental year was significantly under influence 
of all the treatments even the treatment of 40% of 
total available water.  
The treatments of 100% total available water 
and no irrigation had significant effect on plant 
height in the second experimental year. In the first 
experimental year all the treatments had significant 
effect on plant height as well.  
Moreover, the interaction between year and 
different levels of soil moisture for the trait of 
number of leaves was no significant.  
 
 
 Table 5. Mean of two experimental years for yield traits per hectare 
Treatments leaf yield Fresh (kg ha-1) 






Two years 17790.68 2286.43 0.712211 1709.56440 
Total Available Water     
TAW1 21677.33a 3000.67a 0.888817a 2656.25895a 
TAW2 20414.50a 2700.83b 0.786450a 2141.04843b 
TAW3 19051.33a 2286.17c 0.703067a 1588.71467c 
TAW4 13499.51b 1677.51d 0.630056a 1065.31659d 
TAW0 11677.79b 1448.79d 0.473722b 760.34423d 
Means, in each column, with similar letters are not significantly different at the 5% probability level using Duncan multiple range test 
 
Table 6. Combined analysis of variance for yield components and quality traits 




(cm) Number of leaves 
Year (Y) 1 1165.98** 273.29** 9277.79** 19.56* 
Rep/Year 4 9.12 2.11 70.98 2.58 
TAW 4 171.31** 28.47** 1730.96** 3.33ns 
Y×TAW 4 87.95** 17.04** 301.63** 4.87ns 
Error 14 4.06 0.79 59.24 3.09 
C.V.  (%)  3.36 3.32 5.37 7.50 
 
Table 6 - continued 
** p < 0.01 *; p < 0.05; p > 0.05 ns   
 
Table 7. Interaction between year and different levels of soil moisture on yield components and quality traits 




(cm) Number of leaves 
Y1×TAW1 61.33a 27.00b 141.07b 24.00 
Y1×TAW2 56.67a 24.00c 133.20b 23.67 
Y1×TAW3 59.67a 26.67b 134.70b 22.33 
Y1×TAW4 43.83b 19.40d 125.24b 22.54 
Y1×TAW0 39.69b 18.12d 76.49c 19.68 
Y2× TAW1 66.20a 30.40a 171.93a 24.33 
Y2× TAW2 68.10a 30.13a 165.73a 24.40 
Y2× TAW3 65.87a 29.00a 165.00a 23.87 
Y2× TAW4 63.47a 28.80a 151.20b 23.20 
Y2× TAW0 63.27a 28.67a 142.20b 24.93 
S.O.V. df. Leaf area index Sugar percentage Nicotine percentage 
Year (Y) 1 60.57** 695.27** 44.90** 
Rep/Year 4 0.573 63.11 1.05 
TAW 4 6.50** 23.86ns 0.33ns 
Y×TAW 4 3.14** 8.14ns 0.62ns 
Error 14 0.18 8.56 0.20 
C.V.  (%)  5.99 28.45 13.47 




Table 7 - continued 
Treatments Leaf area index Sugar percentage Nicotine percentage 
Y1×TAW1 7.10a 14.94 4.11a 
Y1×TAW2 5.73b 12.17 4.91a 
Y1×TAW3 6.86a 12.29 5.00a 
Y1×TAW4 3.58c 15.02 5.00a 
Y1×TAW0 3.06c 9.34 4.65a 
Y2× TAW1 8.63a 15.28 2.10c 
Y2× TAW2 8.89a 15.71 2.04c 
Y2× TAW3 8.18a 17.96 1.76c 
Y2× TAW4 7.91a 15.10 1.90c 
Y2× TAW0 7.70a 10.46 2.98b 
Means, in each column, with similar letters are not significantly different at the 5% probability level using Duncan 
multiple range test 
 
The trait of leaf area index was not impressed 
by the different level of soil moisture in the second 
experimental year, whereas in the first experimental 
year the treatments of 60 and 100% total available 
water along with no irrigation had significant effect 
(p < 0.05) on reducing leaf area index. 
The sugar percentage was not affected by the 
interaction between year and different levels of soil 
moisture. However, the effect of water stress, in 
particular the treatment of no irrigation, on 
increasing the nicotine percentage in second 
experimental year was significant. In general, the 
level of nicotine percentage for all the treatments 
because of high precipitation throughout the tobacco 
growth in second year was less than the first year 
(table 7). The mean of two experimental years 
showed that the treatments of 40, 60 and 80% total 
available water had no significant effect on reducing 
of the leaf length, leaf width, plant height, and leaf 
area index, whereas the treatments of 100% total 
available water and no irrigation had significant 
effect (p < 0.05) on reducing the traits of leaf length, 
leaf width, plant height and leaf area index. 
Furthermore, the effect of water stress on reducing 
the plant height was more pronounced than the traits 
of leaf length, leaf width, and leaf area index. 
Moreover, the number of leaves and nicotine 
percentage were not under influence of different 
level of soil moisture as well. Consequently, just the 
treatment of dryland farming (no irrigation) had 
significant effect on the quality trait of sugar 
percentage and none of the other treatments had not 
significant effect on sugar percentage (table 8). 
Water productivity (WP). In each interval 
of irrigation the amount of 200 liter water was 
applied for each row of cultivation. In present study 
water productivity was investigated from the 
viewpoint of water use efficiency and economical 
output. The level of water productivity for two 
experimental years in average for the trait of dry leaf 
yield for the treatments of 40, 60, 80 and 100% of 
total available water were 1.63, 1.66, 1.53 and 2.52 
kg m-3, respectively in recognition of each water 
volume unit. Moore and Tyson [14] and Hawks [6] 
reported that the optimum irrigation of tobacco plant 
increased its yield compared with the dryland 
farming. Hawks [6] and McNee et al., [13] pointed 
out that the water stress had the significant effect on 
the reducing of dry leaf yield of tobacco plant. 
Similarly, Cakir and Cebi [3] reported that all 
vegetative parameters as well as dry matter 
accumulation processes were significantly affected 
by water shortage in the soil profile during the 
earlier growth stages of flue-cured tobacco plant. 
They also pointed out that the short - duration water 
deficits during the rapid vegetative growth period 
caused 26, 7 and 10; 10, 8 and 9; 11.3, 8.5 and 9% 
loss of final dry mater weight of the plants, 
respectively for the three stress levels (0, 40 and 
60% of irrigation water amount reduction) in two 
consecutive experimental years. 
McNee et al., [13] showed that the yield of 
cured leaf of tobacco plants was significantly 
reduced by water stress. They reported that the 
weight per unit area of the stress treatments was not 
significantly different from the control as well. They 
found that the average price of tobacco reduced 
significantly by the imposition of water stress. In 
their study the stress treatments ranged from 7 to 14 
days and at the recommencement of irrigation the 
soil moisture ranged from 30 - 50% of the soil water 
held at field capacity and soil moisture level prior to 
irrigation in control plots ranged from 60 - 70% of 
field capacity. Reed et al., [19] fount that the intense 
water stresses delayed the common process of leaf 
ripening. Also, they reported that this water stress 
were elongated the growth stage of tobacco plant 
and caused burning at the leaf margins and 
therefore, led to decaying the leave. They also 
expressed that the harvested leaves which had 
insufficient moisture content did not change to the 
suitable yellowish color during the process of drying 
and hence, the coast of its drying increased and the 
value (price) of tobacco decreased. Therefore, the 




main reason of high decreasing of tobacco price for 
the treatments of no irrigation or low levels of total 
available water in the present study, especially in the 
first  experimental  year (2003),  can be attributed to  
 
 
three different reasons. The most important reason is 
the lack of precipitation and its irregular distribution 
throughout different stages of tobacco growth in the 
first experimental year.  
 
Table 8. Mean of two experimental years for yield components and quality traits 




(cm) Number of leaves 
Two years 59.99 26.75 143.36 24.08 
Total Available Water     
TAW1 63.77a 23.39a 156.50a 24.17 
TAW2 62.38a 28.70a 149.47a 24.03 
TAW3 62.77a 27.07a 149.85a 23.10 
TAW4 53.65b 27.83b 138.22b 22.87 
TAW0 51.48b 24.10b 109.34c 22.31 
 
Table 8 - continued 
Treatments Leaf area index Sugar percentage Nicotine percentage 
Sugar to nicotine 
ratio 
Two years 7.01 10.28 3.32  
Total Available Water     
TAW1 7.87a 15.11a 3.11 4.86 
TAW2 7.31a 13.94a 3.47 4.02 
TAW3 7.52a 15.13a 3.38 4.48 
TAW4 5.74b 15.06a 3.45 4.37 
TAW0 5.38b 9.90b 3.81 2.60 
Means, in each column, with similar letters are not significantly different at the 5% probability level using 
Duncan multiple range test 
 
The second reason for reduction of tobacco 
price is probably due to lengthen of harvesting time 
of tobacco leaves and the third is coinciding of this 
time with the occurrence of precipitations at the 
final tobacco growth stages in this year. In the 
present study the commencement of harvesting of 
tobacco in the first experimental year due the 
occurrence of precipitations at the end of August 
and the first of September (table 1) had delayed 
about 18 days compared with the second 
experimental year. The postponing in harvesting 
time in this year probably led to a negative effect on 
the quality and price of tobacco plant and intensified 
the harm influence of water stress on the leaves of 
tobacco plant. However, the effects of water stress 
and delaying the harvest time on the leaves values 
were completely separated from each other. Palmer 
[17] reported that 80% of tobacco growth was 
occurred in the four weeks before harvesting of the 
leaves of this plant. Since the amount of effective 
precipitations in the first experimental year (2003), 
especially in the final weeks of tobacco growth 
stages (throughout the July and the early of August), 
was less than the second experimental year (table 1), 
the effect of water stress on the tobacco plant was 
more pronounced in the first experimental year. 
Maw et al., [12] observed the most values of leaf 
length, leaf width, and plant height in the treatment 
of without imposition of water stress for tobacco 
plant. In their study the soil matric potential was 
about 25 cbar. Cakir and Cebi [3] showed that water 
stress in various severities occurring during the 
rapid vegetative growth and yield formation periods 
reduced plant height, as well as influenced leaf area 
development of flue-cured tobacco plant. They 
results also showed the significant effect of 
irrigation application or exposition to water stress at 
earlier stages on leaf length and leaf width. The 
similar result was also observed by the Sifola and 
Postiglione [22]. Results concerning the effect of 
water stress on leaf area index in the present study 
agree with the view of Hsiao [8]. Likewise, Jerell 
[9] reported that the leaf area values of tobacco 
plants during dry years were less than the same 
periods of rainy years. Similarly Hopkinson [7] 
showed that the leaf expansions, relative growth 
rate, leaf production, distribution of leaf area were 
affected by water stress. Sficas et al., [21] indicated 
that reduced leaf area is the major factor 
contributing to lower yield in tobacco plants subject 
to moisture stress. Moreover, Ligon and Benoit [11] 
observed the most average of leaf area in the 
treatment that its moisture level was held 
approximately constant to field capacity level 




throughout the tobacco growth. In their study the 
treatments that their water contents was 75, 50, 25 
and 0% of field capacity level were settled in the 
further degrees of importance respectively. The 
effect of water stress on leaf number in the present 
study is in contrast by the work done by Cakir and 
Cebi [3]. They found that water stress in various 
severities influenced leaf number of Virginia flue-
cured tobacco plant. Also, the significant effect of 
water stress on leaf number has confirmed by Maw 
et al., [12], Wilkinson et al., [26] and Atannasove 
[2]. The differences in growth characteristics of 
tobacco cultivars, climatic conditions, date and 
cultural practices as well as the amount of irrigation 
water, all could be reasons for this disagreement. 
This result also can be attributed to the intrinsic 
characteristics of Coker tobacco plant that caused 
the number of leaves of this type of tobacco did not 
influence by the water stress. 
In the present study the comparison of means 
for the quality trait of sugar percentage showed that 
the treatment of no irrigation had significant effect 
on this trait. This treatment reduced the sugar 
percentage by the 34.48% compared with the 
treatment of 40% total available water. Maw et al., 
[12] and Nagarajan and Prasadrao [15] expressed 
that the optimum level of sugar percentage in the 
leaves of flue-cured tobacco plant is between the 
ranges of 10 - 26% and 15 - 25% respectively. The 
imposition of drought stress in present study by the 
treatment of no irrigation (dryland farming) reached 
the sugar percentage of tobacco plant to the level of 
9.90% (table 8). Therefore, this level of sugar 
percentage leads to weak quality of tobacco leaves 
and will decrease its economical value. However, 
the sugar percentage for all the treatments except the 
no irrigation treatment was similar to the optimum 
level that was introduced by these researchers (table 
8). None of the treatments had not significant effect 
on the nicotine percentage. However, the level of 
nicotine percentage in this study in two years by 
average was between the ranges of 3.11 - 3.81% 
(table 8) that can be explained by the most 
precipitations in the second experimental year. 
Doorenbos and Kassam [4] reported that the 
cultivation of tobacco plant in dry condition would 
enhance the percentage of nicotine in the leaves. He 
also indicated the optimum level of nicotine 
percentage in the flue-cured tobacco plant between 
the ranges of 1.5 - 2%. Also, Singh [23] and 
Nagarajan and Prasadrao [15] represented the 
optimum level of nicotine percentage in the flue-
cured tobacco plant between the ranges of 1.75 - 2% 
and 1.2 - 3.6% respectively. However, the nicotine 
percentage for all the treatments was more than the 
optimum level that was introduced by these 
researchers (table 8). Hence, all the treatments are 
considered having the potential to increase the 
nicotine percentage and therefore, decrease the 
tobacco quality. In two experimental years by 
average the ratio of sugar to nicotine for the 
treatments of 40, 60, 80 and 100% total available 
water, and no irrigation was 4.86, 4.02, 4.48, 4.37 
and 2.60 respectively (table 8). Maw et al., [12] and 
Nagarajan and Prasadrao [15] introduced the 
optimum level of sugar to nicotine ratio in the 
leaves of flue-cured tobacco between the ranges of 7 
- 13% and 6 - 10% respectively. However, in the 
present study all of the treatment had the negative 
effect on this ratio and this ratio for all of the 
treatments was less than the optimum level that was 
introduced by these researchers. Therefore for 
achieving to the best tobacco quality, the irrigation 
is unavoidable.  
The amount of irrigation water and the 
number of irrigation intervals is dependent to the 
climatic conditions of the area, plant species, soil 
typeand the manner of irrigation management. In the 
present study the differences between the numbers 
of irrigation intervals in two experimental years was 
because of irregular distribution of precipitations 
throughout growth stages of tobacco plant. Singh 
[23] and Nagarajan and Prasadrao [15] reported that 
for reaching to optimum qualities of tobacco plant 
the number of intervals of irrigation should be 5 - 7 
and 9 respectively. In this study the number of 
irrigation intervals in the first experimental year for 
the treatments of 40, 60, 80 and 100% of total 
available water were 6, 6, 5 and 2 respectively. 
Also, these levels for the treatments of 40, 60, 80 
and 100% of total available water were 5, 4, 4 and 2 
respectively in the second experimental year. Allen 
and Lambert [1] introduced the flue-cured tobacco 
as a crop which produces higher yields and greater 
returns with supplemental irrigation in the southern 
United State. They revised the irrigation scheduling 
decisions that before were based on the available 
soil moisture depleted to 50% of available capacity. 
They found that new criterion yielded less total cost 
plus loss and achieved a better utilization of the 
available water than did the 50% criterion. Hence, 
with regarding to our results it is obvious that the 
water stress can be completely mitigate using a 
suitable irrigation scheduling in north area of Iran. 
    
4. Conclusions 
 
Based on the results of this study, the 
optimum soil moisture level for acceptable fresh leaf 
yield, leaf length and width, plant height, and leaf 
area index of Coker flue-cured tobacco plant is 
below 80% total available water, whereas the level 




up to 40% total available water in combination can 
be considered as the upper threshold limit for other 
traits such as dry leaf yield and gross income in unit 
area. This threshold limit for the trait of unit price as 
well as sugar percentage can be considered below 
the 100% total available water.  
The results of this study indicated that in the 
first experimental year because of receiving less 
precipitations compared with the second 
experimental year especially in the final growth 
stages of tobacco plant, the effect of water stress 
was more notable. Also, the more precipitation in 
the harvesting time in the first experimental year 
could intensify the negative effect of drier condition 
that was occurred in Guilan region in this year.  
The results showed that the nicotine 
percentage and sugar to nicotine ratio were higher 
and lower than the optimum levels of these traits 
respectively (above and below the standard levels 
for cigarette manufacturing respectively). Therefore, 
can be concluded that all of the treatments even 40% 
of total available water had negative effect on these 
traits. Therefore, limited-amount, irrigation at 
growth stages of Coker tobacco plant may not be 
sufficient to provide consistent yield and quality 
improvements for tobacco grown in the northern 
parts of Iran. 
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